Abstract Defensive behavioral patterns in response to human-induced rapid environmental change can affect animals' fitness and may play a role in species conservation status. To test this hypothesis, we compared the risk assessment and defensive behavioral responses of captive white-lipped peccary (WLP; Tayassu pecari) and collared peccary (CP; Pecari tajacu), which retain different conservation status; WLP are considered vulnerable and CP of least concern. We used an adapted paradigm of the mouse defense test battery (MDTB) comprising four consecutive tests. Two of these tests simulated a novel environment, while the other two stimulated the expression of defensive behavioral patterns. Besides differences in risk assessment and defensive threat/attack behavioral patterns between species, we compared flight initiation distance, flight speed, and plasma glucocorticoid concentrations. When facing a novel environment and risk challenges from humans' predator-like cues, the white-lipped peccary showed more exploratory and defensive threat/attack behavioral patterns, shorter flight initiation distances, and lower flight speeds, whereas the collared peccaries showed more cautious and retreat patterns, longer flight initiation distances, and higher flight speeds. There were also correlations between physiological and behavioral parameters. We confirmed our hypothesis that the collared peccary's cautiousness may help to prevent a decrease in its population, while the white-lipped peccary's exploratory and confrontational behavioral patterns in overhunted areas, together with other simultaneous factors as forest fragmentation, might contribute to placing this species in the vulnerable category.
Introduction
Vertebrates show defensive behavior or risk assessment patterns when exposed to threatening situations (Blanchard et al. 2001 ). These behaviors mainly occur when the animals detect indirect and direct cues for predation risk (Dielemberg and Mcgregor 2001; Kavaliers and Choleris 2001; Orrock et al. 2004; Schmidt 2006; Nersesian et al. 2012) . The most frequent defensive patterns in vertebrates are flight, freezing, and defensive threat or attack (Blanchard and Blanchard 1988) . The choice among defensive patterns depends on the prey's capabilities, strategies to deal with predators, and the degree of predation risk in a new environment (Lima and Dill 1990) . However, an invariable behavior between prey/predator relationships may result in more vulnerable strategies (Luttbeg and Sih 2010) , which may increase the risk to the species (Wolf et al. 2007) .
Besides natural events, such as predator attacks, humaninduced rapid environmental change (HIREC) (sensu Sih 2013) has challenged organisms to cope with forest fragmentation, translocation, climate change, and harvesting by humans (Herborn et al. 2014) . Behavioral or phenotypic plasticity (Sih 2013; Mason et al. 2013 ) have been suggested as aspects that are more responsible for coping with HIREC than is genetic evolution (Charmantier et al. 2008; van Buskirk 2012; Sih 2013) . Baldwin (1896) was the first author to comment on behavioral plasticity as one of the main mechanisms that promote population persistence in a changing environment. In response to such changes, many populations or species adapt or even thrive, while others move, decline, or even become extinct according to their behavioral plasticity (Price et al. 2003; Sih et al. 2011) .
The white-lipped peccary (Tayassu pecari) and the collared peccary (Pecari tajacu) are sympatric species with distinct conservation status Keuroghlian et al. 2013) . Besides unsustainable levels of subsistence hunting (Cullen et al. 2001; Peres 2001; Gongora et al. 2011; Keuroghlian et al. 2013; Taber et al. 2016) , both species face the negative effects of forest fragmentation caused by agriculture and human settlement (Beck et al. 2010; Licona et al. 2011; . Nevertheless, the white-lipped peccary seems to be more susceptible to HIREC and was recently classified as a vulnerable species by the International Union for Conservation of Nature (IUCN) (Keuroghlian et al. 2013) . In contrast, the collared peccary is more resilient and apparently copes very well with changing environmental challenges, and it is classified as being a species of least concern . The extinction of these species is of particular concern because it could affect the spatial-temporal dispersion of animals and plants, which can result in changes in the tropical ecosystem and in reduced diversity (Ticktin 2003; Desbiez et al. 2009; Beck et al. 2010; Keuroghlian et al. 2013) .
The literature survey on the defense strategies of these species is scarce; however, some anecdotal reports (Kiltie and Terborgh 1983; Sowls 1997) and an observational study (Nogueira et al. 2015) point out some differences between these two species. Living in large groups, which can reach over 400 individuals , enables whitelipped peccary collectively to counterattack against predators such as jaguar (Panthera onca) and puma (Felis concolor) (Kiltie and Terborgh 1983; Sowls 1997; ). This mass attack behavior, however, has been shown to be an inappropriate strategy against hunters (Sowls 1997) . There are some reports that, when living in large groups, many white-lipped peccaries can be killed during a single hunting expedition due to their close herding tendencies (Sowls 1997; Cabassu 2010) . The collared peccary, in contrast, usually lives in groups of 10 animals Taber et al. 2016) . Despite there are reports that they can also counterattacks against coyotes (Canis latrans) and pumas (Sowls 1997) , collared peccaries often adopt flight as an anti-predatory strategy when threatened. The alertness of the collared peccary allows only one or two individuals to be killed per hunt (Sowls 1997) . It can be inferred that hormonal responsiveness to novel stimuli or situations may trigger behavioral reactions in peccaries and may play an important role in population-level adaptation to HIREC (Sih 2013) . Mason et al. (2013) suggested the use of captive wild animals as a model to understand the impacts of HIREC at the individual level. The authors justified this approach arguing that successful captive animals maintained close to humans and submitted to threat stimuli similar to HIREC need to show behavioral plasticity. Therefore, we evaluated the use of the mouse defense test battery (MDTB) paradigm (Blanchard et al. 2003) , adapted in size, to describe the risk assessment and defensive behavior patterns of white-lipped and collared peccaries. This paradigm enhances the animal's defensive responses by exposing it to threatening situations usually experienced by free-ranging animals, such as the assessment of a novel environment and humans' predator-like cues, and can yield new insights into how both species respond to HIREC. There are some reports showing that animals interrupt foraging and other essential behaviors due to excessive stimuli perceived as threatening, by means of accentuated endocrine stress responses (Beckerman et al. 2007; Mason 2010; Cockrem 2013; Wingfield 2013) . Thus, we also analyzed the peccaries' glucocorticoid plasma concentration, both preand post-defense test battery, to investigate the influence of the experimental tests on the release of these stress hormones and the effects of this release on behavior.
Materials and methods

Ethical note
This work followed the BPrinciples of laboratory animal care ( NIH publication no. 86-23, revised 1985) and was approved by the Committee of Ethics for Animal Use, Universidade Estadual de Santa Cruz (proclamation no. 012/11).
Animals and facilities
The study was carried out at the Applied Ethology Laboratory, Universidade Estadual de Santa Cruz, Ilhéus, Bahia, Brazil (14°47′ 39.8″ S, 39°10′ 27.7″ W). We used 10 adult collared peccaries (23.1 ± 3.8 kg), 5 males and 5 females, and 10 adult white-lipped peccaries (36.2 ± 5.4 kg), 5 males and 5 females, born and raised under captive conditions. The animals had never experienced true predation, despite humans' predatorlike cues (sensu Mason et al. 2013 ) when they were caught for weighing and veterinary evaluation every 3 months. During this process, they were captured and handled with a capture net after a short chase by two or three keepers. Thus, we chose the capture net to stimulate the expression of defensive behavioral patterns, such as tooth clicking, and animals even attacked the net and/or keepers, while being chased with the net (Nogueira-Filho, personal observation) .
To evaluate animals' defensive behavior, we built a test arena in a corridor shape, measuring 15.0 m in length and 4.0 m in width, surrounded by a chain-link fence 1.5 m high. At the center of this enclosure, we built a chain-link wall 1.5 m high, dividing the test arena into two parallel corridors measuring 2.0 m in width each. At the end of both sides of this middle wall, there was a clearance, 1.0 m wide, which allowed the animals to move throughout the entire arena, unless the guillotine doors were closed to block the animals' passage when conducting one of the tests (chase plus forced contact test, described below). A black polyurethane sheet was fixed to the wire-mesh fence and central wall to avoid visual contact with the outside environment and between corridors during the tests. We placed a digital camcorder (JVC, model GZ-HD500; Tokyo, Japan) on a tripod 1.6 m high above one extremity of the test arena to record the animals' behavior continuously during all four tests.
Test procedures
Each animal was submitted to a battery of four consecutive tests: (a) novel environment, (b) chase, (c) forced contact, and (d) foraging/eating in a novel environment, to assess their defensive behavior following the MDTB methodology modified from Blanchard et al. (2003) and Ribeiro-Barbosa et al. (2005) . The data collection occurred over 3 months, always in the morning between 0830 and 1000 h, corresponding to the peak of animal's activity (Sowls 1997) and consequently the peak of collared and white-lipped peccaries' adrenal activity (Coradello et al. 2012; Nogueira-Filho et al. 2012) . Each animal went through the four tests consecutively on the same day, without intervals between them. The battery of tests occurred with 2 days of intervals between individuals, alternating the species each time. The animals were chosen randomly in their paddocks, and they were individually caught with the capture net used to handle peccaries at this facility. We used the capture net to stimulate the expression of defensive behavioral patterns facing humans' predator-like cues in two of the tests (chase and forced contact tests; details below). When restrained inside the net, we collected the first blood sample (details below) to determine the pre-test levels of plasma glucocorticoid concentration. After blood collection, the subject was introduced into the test arena to undergo the defense test battery, described as follows:
Novel environment test: the animal was individually introduced into the test arena and remained free to explore the test arena environment for a period of 20 min.
Chase test: the capture net, used to handle peccaries, was placed inside the arena, moving at a speed of 3 m/s. During the entire test, the animal could not see the net handler, who was outside the enclosure with the plastic sheet covering his body and head. The handler placed the net at the opposite side from where the animal was, and the chase began when the individual's head was oriented in the direction of the capture net. The chase finished after the net came close up to the peccary, and this conclusion could be followed by net avoidance and/or a threat/attack on it. The animal was chased three consecutive times along the entire arena. Besides behavioral records, we also recorded the flight initiation distance and flight speed (details below).
Forced contact test: immediately following the end of the previous test, the handler chased the peccary with the net as described in the previous test; at this time, however, the animal could not flee because both guillotine doors were closed. The test ended when the animal expressed one of the following defensive behaviors: defensive threat/attack on the net or net avoidance followed by flight. In this test, besides the behavioral patterns showed by the animals, we also recorded the flight initiation distance and flight speed.
Foraging/eating in a novel environment test: immediately following the previous test, the keeper left 1.0 kg of cassava roots (Manihot esculenta), chopped into small pieces, on the test arena floor at the opposite side from where the animal was, opened the guillotine doors, and left the animal free to walk and explore the environment without any aversive stimuli. The cassava root was chosen because it is the favorite food of both peccary species (Nogueira-Filho, personal observation). During this test, which lasted 20 min, besides recording the animals' behaviors, we also determined the feed intake, by the difference between what was offered and the refusal at the end of the experimental session.
After the end of the last test, the individual was restrained again to collect a second blood sample and was then released in its original paddock. The second blood sample was collected to further calculate the change in plasma glucocorticoid concentration after the animals had been through the defense test battery. For this, a second sample of 0.5 mL of blood was collected from the cephalic veins (see Furtado 2014), stored in sterile plastic tubes containing 0.5 mL of heparin (10 U/mL), and kept in a cooler with ice up to the end of the test battery. The samples were centrifuged (1200g, 4°C, 20 min) and plasma was stored at minus 70°C until processing at the Núcleo de Pesquisa e Conservação de Cervídeos (NUPECCE)/UNESP, Jaboticabal, São Paulo, Brazil. The glucocorticoid plasma concentration was measured by enzyme immunoassay (Multiskan MS, Labsystem, Helsinki, Finland). The monoclonal cortisol anti-serum (provided by Dr. C. Munro, University of California, Davis, CA, USA) cross-reacted 100% with cortisol, 9.9% with prednisolone, 6.3% with prednisone, 5.0% with cortisone, and 0.7% with corticosterone and was validated for the collared peccary by Coradello et al. (2012) and for the white-lipped peccary by Nogueira-Filho et al. (2012) .
Data analysis
The Ethoplayer 1.3 (Leo Software Inc., Toulouse, France) program was used to calculate the time the animals spent engaged in all occurrences of the selected behavioral patterns. We chose the exploratory, alert, walk/stop, and lie down patterns to compare the risk assessment between white-lipped and collared peccaries during the first and fourth tests, because they express opposite behavioral trends in the exploration of a new environment against the cautiousness (alert) and avoidance (lie down) reactions. We chose the threat, attack, run away, and jump patterns because they express opposite behavioral trends of confrontation and retreat. In turn, the toothclicking pattern in the four tests was selected because it can be used to express both threatened and cautious behavior by peccaries (Byers and Bekoff 1981; Sowls 1997; NogueiraFilho et al. 1999) . Through the recorded images, we also determined the flight initiation distance and flight speed throughout the test battery. We used ink marks every 2.0 m on the central wall as a reference for distances and a digital chronometer to determine the elapsed time.
In the sequence, we analyzed the data obtained in each test by the principal component analysis (PCA) with the multivariate exploratory technique procedure. Previously, we had standardized the measures by mean-centering them (original variable − mean of original variable)/standard deviation of original variable. This procedure allowed the comparison of variables with different variances due to their different units-for example, the duration of behavioral patterns in seconds and flight speed in m/s. The factor scores received for each animal in the first principal component (PC1) in each test, which represented the greatest proportion of the data variation (higher eigenvalue), were used to evaluate the discrimination between species (white-lipped and collared peccary) using the t test following Nogueira et al. (2015) . To compare the plasma glucocorticoid concentrations, we applied ANOVA with repeated measures for each species, including in the model the effects of the experimental phases (pre-and post-tests) and the sex (male vs. female) as independent factors.
We tested for the effect of pre-test plasma glucocorticoid concentrations on the scores received for each animal in the first principal component-PCA scores-during the novel environment test. We also checked the effect of post-test plasma glucocorticoid concentrations on PCA scores during chase, forced contact, and foraging-eating tests. This was undertaken by running a series of Pearson's correlation analyses between each of the scores and plasma glucocorticoid concentrations. Prior to all analyses, the Lilliefors test was applied to test the normal distribution of data. Logarithmic transformations were used when necessary to meet the assumption of normality. For analyses, we used Statistica 7.0 (StatSoft, Tulsa, OK, USA) and considered the level of significance of p < 0.05.
Results
Novel environment test
The PC1 explained 40.3% of the variance after the animals entered the novel environment and was bipolar, opposing the exploratory behavior with the cautiousness and avoidance behavioral patterns of lie down and alert (Fig. 1a) . The second principal component (PC2) explained 31.9% of the variance, along with walk/stop and tooth-clicking patterns, mainly contributing to the upper side of the vertical axis (Fig. 1a) . Individuals' scores for both species varied along a continuum of the x axis (PC1; Fig. 1b ). There was, however, a clear distinction between the scores obtained by each species in the first novel environment test. The collared peccaries showed higher mean (±SD) scores than those of white-lipped peccaries in the first principal component (0.94 ± 1.15 and −0.94 ± 0.97, respectively; t = 3.96; p = 0.0009). The two extremes represented behavioral tendencies; most of the collared peccaries appeared on the right side of the x axis (PC1), which was more correlated to cautiousness (alert) and avoidance (lie down) reactions (Fig. 1a) , whereas most of whitelipped peccaries appeared on the left side of the x axis and were more correlated to exploration behavior when facing a new environmental challenge.
Chase test
The PC1 explained 47.7% of the data variability and was also bipolar, opposing the threat behavioral pattern, against the running away pattern, flight initiation distance, and flight speed (Fig. 2a) . The PC2 explained 20.8% of the variance, with the tooth-clicking behavioral pattern mainly contributing to the upper side of the y axis (Fig. 2a) .
As in the previous test, individuals' scores in both species varied along a continuum of the x axis. Despite this, there was a clear distinction between species in this risk situation test; collared peccaries showed lower mean scores than the whitelipped peccaries in the PC1 scores (−0.90 ± 1.40 and 0.90 ± 0.59, respectively; t = −3.73; p = 0.001). The two extremes also represented behavioral tendencies; all whitelipped peccaries appeared on the right side of the x axis (PC1; Fig. 2b ), associating this species with defensive threats/actions against the humans' predator-like cues. In contrast, all collared peccaries appeared on the left side of the x axis and were thus more correlated to the runaway behavioral pattern, along with longer flight initiation distance and higher flight speeds when facing humans' predator-like cues (Fig. 2b) .
Forced contact test
The PC1 explained 44.3% of the data variability of the forced contact test and was also bipolar, opposing the threat/attack to humans' predator-like cues and tooth-clicking behavioral patterns against the flight initiation distance and flight speed (Fig. 3a) . The PC2 explained 23.1% of the variance with the jump and runaway behavioral patterns, mainly contributing to the bottom side of the y axis (Fig. 3a) .
In the second risk situation test, there was also a clear distinction between species in the PC1 scores; the collared peccaries showed lower mean scores than the white-lipped peccaries (−1.52 ± 0.52 and 1.52 ± 1.07, respectively; t = −8.07; p < 0.00001). All white-lipped peccaries appeared on the right of the x axis (PC1; Fig. 3b ) and were more correlated with the threat/attack pattern as well as with the toothclicking act, while all collared peccaries appeared on the left side of the same axis, more correlated, therefore, with longer flight initiation distances and higher flight speeds when facing humans' predator-like cues. Moreover, one collared peccary is shown at the bottom side of the y axis (PC2; Fig. 3b ) and was correlated with the jump and runaway patterns.
Foraging/eating in a novel environment test
The PC1 explained 38.1% of the data variability when the peccaries were foraging and eating food in a new condition and immediately after the chase tests. As in the previous tests, the PC1 was also bipolar, opposing the exploratory behavioral pattern and food intake with the lie down avoidance pattern (Fig. 4a) . The PC2 explained 26.7% of the variance and was also bipolar, opposing the tooth clicking with the alert and walk/stop actions, associated with cautiousness and avoidance behavioral patterns, mainly contributing to the bottom side of the y axis (PC2; Fig. 4a ).
As in all previous tests, it was possible to differentiate the species in the PC1 scores, and the collared peccaries showed higher values than the white-lipped peccaries (1.32 ± 0.58 and −1.32 ± 0.76, respectively; t = 8.72; p < 0.0001). The individuals' scores in both species varied along a continuum of the x axis and the two extremes representing behavioral tendencies; all collared peccaries appeared on the right side of the x axis (PC1; Fig. 4b ), more correlated to the avoidance lie down pattern. All white-lipped peccaries, in contrast, appeared on the left side of the x axis and were more correlated, thus, with the exploratory behavior in a new environment, even after facing the situations involving two humans' predator-like cues. Furthermore, 6 out of 10 white-lipped peccaries ate the cassava roots, while none of the collared peccaries fed.
Correlations between tests
There were positive correlations between the scores received for each animal within both novel condition tests (r Pearson = 0.64, p < 0.05) and both humans' predator-like cues (chase and forced contact tests) (r Pearson = 0.67, p < 0.05). We also found that peccaries with a high degree of exploration also showed more viciousness towards the capture net, as there was a negative correlation between the scores received for each animal between both novel condition and humans' predator-like cues during chase and forced contact tests (Table 1) .
Plasma glucocorticoid concentration and its effects on behavior
The average (±SD) levels of plasma glucocorticoid concentration differed between conditions (pre-and post-tests) for collared peccary (F = 45.19, p = 0.0001) and white-lipped peccary (F = 49.55, p = 0.0001) (Fig. 5) . The statistical model, however, did not show a difference between males and females of collared peccary (F = 3.98, p = 0.09) and whitelipped peccary (F = 0.03, p = 0.95). There was also no interaction between sex and conditions (pre-and post-tests) for collared peccary (F = 0.18, p = 0.68) and white-lipped peccary (F = 0.19, p = 0.67).
We verified a correlation between pre-test plasma glucocorticoid concentrations and PCA scores during the novel environment test (=0.89, p = 0.0001, N = 10). The same was not verified for white-lipped peccaries (r = 0.07, p = 0.85, N = 10). We also verified a negative correlation between post-test plasma glucocorticoid concentrations and PCA scores during the forced contact test (r = −0.69, p = 0.02, N = 10). In contrast, for white-lipped peccaries, we verified just a trend of positive correlation between post-test plasma glucocorticoid concentrations and PCA scores during the forced contact test (r = −0.62, p = 0.06, N = 10). Post-test plasma glucocorticoid concentration was not correlated with PCA scores during the chase test and during the foraging/eating in a novel environment test for both species. 
Discussion
The adapted MDTB paradigm (Blanchard et al. 2003 ) allowed assessment of the defensive behavioral patterns of whitelipped and collared peccaries. Although both species show similar behavioral patterns during risk situation challenges, such as alertness, threat, and attack, we found that they differed in the intensity of these reactions, showing plasticity differences between species. For example, when facing novel environment, most of white-lipped peccaries displayed behavioral patterns that challenged risks and were more exploratory and chasing, whereas most of collared peccaries showed more cautious patterns. Facing risk challenges with humans' predator-like cues, during chase and forced contact tests, most white-lipped peccaries threatened the capture net and some of them attacked it when cornered. Facing the same risk situation, collared peccaries often just jumped away from the net, running away from the source of the menace, and although some of them threatened the capture net, they never attacked it. Moreover, the effects of acute stress, verified by the significant increase in glucocorticoid concentrations between preand post-tests in both species, showed a relationship between the hormone and some behavioral responses.
Neophilia, promoting exploration, is a trait directly related to behavioral plasticity (Mason et al. 2013; Sih 2013 ). This behavioral plasticity trait, expressed by the behavioral trend of white-lipped peccaries to explore the new environment recorded here, was also reported for free-ranging groups that walked an average of 10 km per day, expanding their home range according to food availability (Fragoso 1998) . The species adopts movement patterns that resemble nomadic behavior, exploring their habitats in search of food (Jácomo 2013). The collared peccary groups, in contrast, are territorial and use comparatively smaller home ranges than white-lipped peccary (Kiltie and Terborgh 1983; Fragoso 1998; Keuroghlian et al. 2004) . Surprisingly, the risk-aversive trend behavior exhibited by the collared peccary in our first test is not in agreement with the available literature, which reported that this species is more widely distributed in comparison to the white-lipped peccary (Sowls 1997; ). This apparently controversial result can probably be explained by Dingemanse and Réale's (2005) review. These authors concluded that in ethol (2017) 20:127-136 changeable environments, more exploratory, active, or aggressive animals are less successful over multiple years than less exploratory, less active, and passive types. Then, the apparently low level of behavioral plasticity has favored the collared peccary, allowing it to thrive when faced with HIREC challenges, such as habitat loss and human harvesting. The boldness shown by most of the white-lipped peccaries in our study is another trait related to behavioral plasticity that usually allows a species to cope with new stimuli, resources, or dangers (Mason et al. 2013; Sih 2013) . Free-ranging, whitelipped peccaries are known for their use of the mass attack strategy against predators (Sowls 1997; ). Moreover, white-lipped peccaries showed shorter flight initiation distances and lower flight speeds, revealing more confidence in the presence of the capture net, compared to collared peccaries facing humans' predator-like cues. Kiltie (1980) observed similar differences between the species when they moved away from a menace in natural conditions. This author reports that when he approached the free-ranging groups, collared peccaries usually fled almost immediately, while the individuals of white-lipped peccary herds moved out slowly, probably because white-lipped peccaries' strength is in numbers. Kiltie and Terborgh (1983) suggested that predation is possibly the main evolutionary force that leads the whitelipped peccary to live in huge herds of more than a hundred individuals. Although free-ranging animals have less opportunity to learn to face predation in natural conditions, different levels of predation or potential risk to which prey is submitted are responsible for causing changes to their anti-predatory behavior (e.g., Brown et al. 2006) . Through this learning process, wild animals can assess at least some predation risks in the environment and adjust behaviors in an attempt to reduce those risks (Martin 2011) . The various defensive abilities developed throughout the evolutionary history of each species can dictate the level of success for animal populations (Blanchard et al. 2001) . Indeed, the white-lipped peccary strategy of counterattacking was apparently efficient in dealing with their natural predators, optimizing survival. Facing increased levels of habitat loss and human harvesting, the white-lipped peccary's viciousness against human opponents suggests impairment in the species' risk assessment abilities (see Caro 2005; Sih 2013 ). This probably happens because differences in defensive strategies adopted by prey also elicit different responses from their predators (Blanchard et al. 2001) , which can be observed in the behavior of peccary hunters. While collared peccaries are more often killed by lone hunters, white-lipped peccaries are more pursued by groups of hunters, when living in large groups (Sowls 1997) . As a result, up to 25 white-lipped peccaries are killed at a time (Sowls 1997) .
The behavioral variations within peccary populations, shown by the PCA scores in our study, varying along a continuum for both species, may address a hypothesis that hunting pressure is selecting more cautious individuals. Dall et al. (2004) pointed out that behavioral diversity may influence the population's responses to environmental changes. This proposition corroborates the information that even in heavily hunted areas, some white-lipped peccary individuals persist (Fragoso, personal communication) . Moreover, free-ranging animals simultaneously face multiple stressors, and the decline in species is often caused by the combined negative impacts of these multiple stressors (Sih 2013) . However, our study highlights the possibility that different responses from peccaries to human harvesting may be one of these stressors. To validate our hypothesis, however, further studies need to be carried out in the wild to provide the ecological context required to evaluate the potential evolutionary significance variation of such trends (Blumstein et al. 2010) .
The endocrine response to the acute stress caused by challenges during the successive tests triggered some behavioral changes. For example, the higher the pre-test plasma glucocorticoid concentrations were, the more collared peccaries stayed alert and remained in the lie down pattern during the novel environment test. The higher the post-test plasma glucocorticoid levels were, the more white-lipped peccaries showed threat, attack, and tooth-clicking patterns against the capture net during the forced contact test. Apparently, acute stress also affected the feeding behavior of collared peccaries, whereas most white-lipped peccaries ate cassava roots offered during the last test. However, we verified no correlation for both species between endocrine and behavioral responses during the foraging/eating in a novel environment test. The average concentration of plasma glucocorticoids determined in the pre-test samples was similar to the ones previously determined for the collared peccary (Hughes and Lytle 1975; MontesPerez et al. 2012) . Unfortunately, there is no information on this measure for the white-lipped peccary. The species' behavioral trend differences-exploration for the white-lipped peccary and cautiousness for the collared peccary-apparently reflect the tolerance of the white-lipped peccary to high levels of stress without feeding avoidance, which can be related to divergences in the species' physiology mechanisms, driving variation at the behavioral level. The lack of differences between sexes in plasma glucocorticoid concentrations in both species can likely be explained by the low sample size used in this study. Clearly, behavioral differences between white-lipped and collared peccaries are just one of the factors, but certainly not the only one, that affect their conservation status. As in the example of habitat fragmentation, the collared peccary is less affected than the white-lipped peccary and can maintain healthy populations even in highly degraded areas due to differences in ecological requirements between the two species (Cullen et al. 2001; Peres 2001; Taber et al. 2016) . The collared peccary usually lives in herds of 10 animals, but the herd size can vary widely from 6 to over 30 individuals, depending on habitat ). This species also occupies smaller home ranges than white-lipped peccary (Kiltie and Terborgh 1983; Fragoso 1998; Keuroghlian et al. 2004 ). Thus, its small-range requirements may facilitate its survival in disturbed forest remnants ) and may allow the gradual colonization of new available habitats. In turn, white-lipped peccary herd sizes vary from 10 to over 300 individuals according to different ecological and human conditions they are subjected , with historical accounts of groups of over 1000 animals , which require extensive and contiguous areas of habitat to obtain sufficient resources throughout the year (Keuroghlian et al. 2013; Keuroghlian et al. 2015) .
In conclusion, the behavioral correlations through the tests, as well as the relationship with endocrine and behavioral responses, showed that the MDTB, adapted from Blanchard et al. (2003) , allowed us to record differences in the defensive behavior patterns of the white-lipped and collared peccaries. As expected, the white-lipped peccary did show higher exploration in the new environment (i.e., test arena) than the collared peccary. Furthermore, when subjected to humans' predator-like cues, most white-lipped peccaries showed defensive threat and attack behavioral patterns, while collared peccaries usually showed more alertness and avoidance/ retreat patterns. The differences in behavioral plasticity between white-lipped and collared peccaries reported here yield new insights for understanding variation in behavioral response and mechanisms involved when these species face HIREC in their natural environments, as proposed by Mason et al. (2013) . The white-lipped peccary's exploration and predator threat and attack patterns might expose the species to unnecessary risks, leading to higher mortality compared to the cautious patterns of the collared peccary, when facing increasing levels of human harvesting. Our study presented evidence that different behavioral response from peccaries to human harvesting needs to be taken into account as an important factor, together with many other simultaneous factors, contributing to white-lipped peccary decline. Despite the experimental difficulties in validating this hypothesis in natural conditions, further studies need to be done to evaluate this information in the wild.
